Abstract: Extreme nonlinearity and exhibition of severe interaction effects of multivariable pH processes makes it an appropriate test bed for evaluation of advanced controllers. This paper studies different multiple model methods for Generalized Predictive Control using Independent Model approach (GPCI) with adaptive weighting matrices. New method for adaptive determination of weighting matrices, proposed in this paper. Simulation results via typical multivariable pH process demonstrate the effectiveness and validity of the method. Different multiple model methods using adaptive weighting matrices compared with each other.
INTRODUCTION
pH neutralization process is a complex system with high nonlinearity, uncertainty in model and presence of unmeasured disturbances. Exhibition of severe interaction effects of multivariable pH processes makes it more difficult to control. pH process is widely used in chemical plants, neutralization of wastewater, biotechnological processes and precipitation (Yeo and Kwon, 1999) .
A typical multivariable pH neutralization process is introduced in Hall and Seborg (1989) . There are a great number of research in recent years (Peymani et al., 2008a, b; Mahmoodi et al., 2009; Elarafi and Hisham, 2008) , which deal with pH control approaches. However, most of these strategies are targeted single input single output (SISO) pH processes and not much has been devoted to multivariable pH processes.
Generalized Predictive Control (GPC) method was proposed by Clarke et al. (Clarke et al., 1987a, b) and has become one of the widely used Model Predictive Control (MPC) methods in both industry and academia. In this paper, we use a multivariable GPC algorithm based on the Independent Model (IM) approach (Rossiter, 2005) where state-space model is used. In this work, we decide to adaptively determine the weighting matrices of GPCI.
Multiple Model Control (MMC) strategy is offered in dealing with highly nonlinear systems and systems with wide range of operating, to have good performance of a controller. Multiple model methods are applied to a broad class of control schemes (Narendra et al. 1995; Narendra and Balakrishnan, 1997) . The main idea in multiple model methods is modelling the overall nonlinear system by a set of linear models. Each of these linear models is acceptable in some area of appertaining. Then with some criterion, a supervisor chooses the best model and its appropriate controller. There are two choices in dealing with model combination, one is switching and another one is weighting. Also, there are two model selection approaches; using error between the output of models and real output as criterion or using the value of output of models, directly. This method is look like the gain scheduling (Elarafi et al., 2003) . In this paper, the latter multiple model method is used to improve the performance of GPCI in dealing with high nonlinear systems such as pH process. This paper is organized as follows. In section 2, the GPCI method is introduced. Section 3, deals with multiple model GPCI. In section 4, after introducing a multivariable pH process, an identification approach is used to demonstrate some useful information about the properties of this nonlinear system. Then, proposed methods tested via the pH process model. Finally, section 5 concludes this paper.
STATE-SPACE GPCI ALGORITHM
A multivariable GPCI algorithm based on an independent model in state-space configuration is introduced in Rossiter (2005) . Here a brief review of this method is presented. Consider the state-space model as:
(1) ‫ݕ‬ ො = ‫ݔܥ‬ ො where, ‫ݔ‬ ො denotes the model state vector, ‫ݕ‬ ො is the model output, ‫ݑ‬ denotes the process input and ‫,ܣ‬ ‫,ܤ‬ ‫ܥ‬ are the matrices defining the state-space model. Independent Model (IM) is a process model such as (1) which operates simultaneously with the real process using the same inputs as shown in Fig.1 . In this figure, ‫ݕ‬ denotes the process output
